OA 82-288P3) For quantification of histochemical reactions, color image analysis, as well as cytophotometry, is important. However, the extremely large amount of information, usually more than one million bits per image, involved in one microscopic picture of a colored histochemical specimen, when digitalized, has inhibited attempts to develop a more convenient system of color image analysis. Recent advances in microcomputer technology have now made it possible to build, at a reasonable cost, an intelligent color terminal equipped with array-processing hardware, a sufficiently large video random-access memory to represent 4096 colors in each pixel, and packages of machine language subroutines called "macro-commands" in the form of read-only memory that can process color images within a few seconds. This intelligent terminal can easily be con-trolled by a small personal computer via an IEEE-488 interface bus. The digitalized color image can be stored in and retrieved from a floppy disk. As the macro-commands in this system are controlled by BASIC program through CALLS with parameters, it is highly flexible and adapts readily to the varied needs of histochemists. Reported on herein will be the instrumentation of the microcomputer-based color image analyzer and a few examples of applications of this system to histochemistry: color intensification of cytochemical reactions, quantification of enzyme (e.g., horseradish peroxidase) reaction products, periodicacid-Schiff staining, collagen fibers visualized by Azan-Mallory stain, etc. Possible future applications of this color image analyzer will also be discussed.
Introduction
The need for a system of quantitative color image analysis has long been felt among histochemists. Image analyzers thus far available, however, are mostly designed to process black and white images. Those that can process color images are based on analog systems working on TV raster scan lines. From the quantitative point of view, analog processing of TV images is quite unsatisfactory.
As histochemistry depends greatly on specifically colored reaction products, it is essential for us to analyze color images with digital precision. Recent progress in microcomputer and video technology has made it possible to assemble a system for color image analysis at a cost most histochemical laboratories can afford. We have constructed one such system, as shown in Figure 1 . This color image analyzer can fulfill most of the basic requirements of histochemical analysis of colored images, and appears to be extremely useful to those who want to study histochemical reactions in quantitative terms.
'Presented as part of the program at the 1982 Joint Meeting of the American and Japanese Histochemical Societies, held in Vancouver, British Columbia, Canada, July 20-24, 1982. Figure 1 shows the instrumentation of the color image analyzer. The color image is taken from a microscope (1) by a 3-gun saticon color videocamera (2) and transferred to aTV monitor (3) . The video signals are then digitalized by a high-speed analog/digital (A/D) converter and stored in video random-access memory (RAM) in the intelligent terminal (4). A small personal computer (NEC PC8001) connected to the terminal via an IEEE-488 interface bus processes the image data by "macro-commands," which are packs of machine language programming written in read-only memory (ROM). The macro-commands can be CALLed by BASIC program in the personal computer. They can be used correctly even by a novice in the histochemistry laboratory. The digital image can be stored in a mini-floppy disk (7) for future retrieval, or printed out in a bit-image printer (6). Figure 2 is a schematic of the construction of the system. The intelligent terminal is shown enclosed by the dotted line. Its video RAM is divided into 12 bit-planes of 256 x 240 pixels each. ROMs containing the macro-commands are set in the interface controller units. We have applied this system to quantification of histochemical reactions of horseradish peroxidase (HRP), periodic acid-Schiff (PAS), Feulgen, Azan-Mallory, etc., and are satisfied with its ease of use, precision, and reproducibility.
Materials and Methods

Results
We are now developing a number of macro-command packs. They numbered more than 50 as of the end of June 1982. The most useful commands among them are CHANGe rl, gl, bl. to r2, g2, b2, and couNr pixels r,g,b. They can be used within an area specified by the operator, so that any colors expressed in degrees of red, green, and blue can be converted to other colors indicated by the operator; the number of pixels of that color can be counted in a second. Brownish reaction products, sometimes very faint, of HRP were first changed into a brilliant yellow and the amount of color measured as the number of pixels in zonal fractions of a microscopic field sequentially. A simple BASIC program of 17 lines performs this task. The result can be displayed on a cathode-ray tube (CRT) as a histogram by addition of another 10 lines of program. Figure 3 shows the PAS reaction of rat duodenum quantified by this system at various intervals after administration of an ulcerogenic substance, cysteamine (3). The PAS reaction was first converted to dark red to enhance the contrast ( Figure  3) . The dark red pixels were then measured over the entire field. The results of sequential measurements in duodenal crypts and Brunner's glands are shown in Figure 4 . Both increased and decreased in parallel. Three hours after administration, the amount of PAS-positive mucin decreased greatly, prior to the appearance of erosion and ulcer in the duodenum (arrow).
For multiparametric cytofluorometry, cytoplasm and nucleus are stained with different fluorescent dyes (1, 2) . Red fluorescence of the cytoplasm and green fluorescence of acriflavine Feulgen of the same cell can be taken instantaneously into the digital image memory, and the sizes of the cell body and nucleus can be measured thereafter to calculate the nucleus/cytoplasm ratio. No fluorescence decay occurs in frozen images.
The system can also be used to evaluate amounts of intraand extracellular substances. Quantification of fibrosis in interstitial tissue of heart and liver after Azan-Mallory staining is an example that gives beautiful results.
Conclusion
Color image analysis is essential for objective evaluation of histochemical reactions. Although it has only recently been introduced, it has become a dependable technique and will be needed in all areas of histochemistry and cytochemistry. The instruments necessary to assemble a color image analyzer are rapidly developing microelectronic products resulting in decreasing costs and increasing quality. Within a few years, the color image analyzer will be standard equipment in histochemical laboratories, just as the present-day microscope and autostainers are. Literature Cited
